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PURPOSE:To obtain a liquid crystal display 
device which is increased in tolerance for 
contamination of liquid crystals and orientation 
process and is free from unequal display by 
combining a transverse electric field system 
and a polymer for which a low heating temp, 
after applying is enough and is soluble in a 
solvent with active matrix elements such as 
thin-film transistor element. 
CONSTITUTION :The matrix elements are 
formed by having scanning electrodes 12, 
common electrodes 1, signal electrodes 3 
intersecting with the scanning electrodes 12, 
active elements and pixel electrodes 4 on one 
substrate of a pair of substrates constituting a 
cell and arranging the pixel electrodes 4 and 

electric fields parallel with the substrate planes 
mainly on the liquid crystals. A soln. of a 
polymer soluble in the solvent is applied on 
such substrates. The solvent in the soln. of the 
polymer is then removed to impart liquid 
crystal orientabitity to the surfaces of the 
polymer. The cell is assembled by disposing a 
pair of the substrates having the liquid crystal 
molecule orientability on the surfaces via the 
sealing part formed in the peripheral parts of 
the substrates in such a manner that the 
surfaces having the liquid crystal molecule 
orientability face each other. 
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[Object] 

To obtain a manufacturing method of a liquid crystal display device which has high image quality 
and high tolerance to contamination of liquid crystal or an alignment process without display 
unevenness. 
[Structure] 

An alignment film of an active matrix element having an electrode structure to which a horizontal 
electric field is applied is formed at a low temperature using a polymer which is dissolved in a 
solvent, whereby a liquid crystal display device with a little display unevenness is obtained. 
[Scope of Claim] 
[Claim 1] 

A manufacturing method of a liquid crystal display device characterized by including the 
following steps. 

(1) A step of providing a scan electrode, a common electrode, a signal electrode which intersects 
with the scan electrode, an active element, and a pixel electrode over one of a pair of substrates 
forming a cell, and forming a matrix element in which the pixel electrode and the common 
electrode are arranged so as to mainly apply an electrical field which is parallel to a surface of the 
substrate to a liquid crystal. 

(2) A step of applying a solution of a polymer which is soluble in a solvent over the substrate. 

(3) A step of removing the solvent in the solution of the polymer. 

(4) A step of imparting ability of liquid crystal molecule alignment to a surface of the polymer. 

(5) A step of assembling a cell in such a manner that surfaces of a pair of substrates, which have 
ability of liquid crystal molecule alignment, face each other, with a spacer and a sealing portion 
formed at peripheral portions of the substrates between the pair of substrates the surfaces of which 
have ability of liquid crystal molecule alignment. 

(6) A step of forming a liquid crystal cell by injecting a liquid crystal composition into the cell 
and sealing the cell. 

(7) A step of connecting a driver circuit and a polarizing means to the liquid crystal cell and 
modularizing the liquid crystal cell. 

[Claim 2] 

The manufacturing method of a liquid crystal display device described in claim 1, characterized in 
that the active element is a thin film transistor element. 
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[Claim 3] 

The manufacturing method of a liquid crystal display device described in claim 1, characterized in 
that the polymer soluble in a solvent is polyimide. 
[Claim 4] 

The manufacturing method of a liquid crystal display device described in claim 1, characterized in 
that the polymer soluble in a solvent is polyamide. 
[Claim 5] 

The manufacturing method of a liquid crystal display device described in claim 1, characterized in 
that the substrate of the pair of substrates, which faces the substrate having the matrix element, is 
subjected to the (2) to (4) steps. 
[Claim 6] 

The manufacturing method of a liquid crystal display device described in claim 5, characterized in 
that a color filter is formed over the substrate which faces the substrate having the matrix element, 
and color-developing ability of a plurality of colors is imparted to the liquid crystal cell. 
[Claim 7] 

The manufacturing method of a liquid crystal display device described in claim 1, characterized in 
that the substrate having the matrix element, of the pair of substrates, is subjected to the (2) to (4) 

[Claim 8] 

The manufacturing method of a liquid crystal display device described in claim 7, characterized in 
that a color filter is formed over the substrate having the matrix element and color-developing 
ability of a plurality of colors is imparted to the liquid crystal cell. 
[Claim 9] 

The manufacturing method of a liquid crystal display device described in claim 6 or 8, 
characterized by including the following steps. 

(1) A step of forming a film having a plurality of color developing layers. 

(2) A step of forming a color filter by irradiation with a light pattern including a plurality of 
colors. 

[Claim 10] The manufacturing method of a liquid crystal display device described in claim 9, 
characterized in that a light irradiation step is performed once. 
[Claim 11] 
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The manufacturing method of a liquid crystal display device described in claim 9 or 10, 
characterized in that after forming a color filter by irradiation of a film including the color 
developing layer which is interposed between a pair of polymer protective films with a light 
pattern, the film is attached over one of the substrates. 
[Claim 12] 

The manufacturing method of a liquid crystal display device described in claim 6 or 8, 
characterized in that light-shielding layers which block boundary portions of a plurality of color 
filters are formed over at least one of the pair of substrates at the time of assembling the liquid 
crystal cell. 
[Claim 13] 

The manufacturing method of a liquid crystal display device described in claim 12, characterized 
in that the light-shielding film is formed over the substrate having the matrix element, and the 
plurality of color filters is formed over the substrate which faces to the matrix element. 
[Claim 14] 

The manufacturing method of a liquid crystal display device described in Means 12, characterized 

in that the light-shielding layer and the plurality of color filters arc formed over the substrate 

having the matrix element. 

[Detailed Description of the Invention] 

[Industrial Application Field] 

[0001] 

The present invention relates to a manufacturing method of an active matrix liquid crystal display 
device which has high image quality without display unevenness. 
[0002] 
[Prior Art] 

In a conventional active matrix liquid crystal display device, transparent electrodes has been used 
which are formed on an interface of two substrates and face each other as electrodes which drive a 
liquid crystal layer. This is because a display mode typified by a twisted nematic display mode 
(hereinafter referred to as a vertical electric field mode) is employed in which operation is 
performed in such a manner that a direction of an electric filed applied to a liquid crystal is made 
to be almost perpendicular to the interface of the substrates. On the other hand, a mode using a 
pair of comb-shaped electrodes, in which the direction of the electric field applied to a liquid 
4/25 



English Translation of JP7-261181 
crystal is made to be almost parallel to the interface of the substrates (hereinafter referred to as a 
horizontal electric field mode) is disclosed in Japanese Examined Patent Application Publication 
No. S63-21907, for example; however, a display device using the mode has not been used in 
practice. 
[0003] 

[Problems to be Solved by the Invention] 

In the conventional active matrix liquid crystal display device using a vertical.electric field mode, 
many problems to be described below are caused due to use of a vertical electric field mode, and 
as a result of this, it has been difficult to obtain a liquid crystal display device which has high 
image quality without display unevenness. 
[0004] (1) Precise control of the interface 

When a vertical electric field mode and a minute active matrix element such as a thin film 
transistor are combined with each other, slight change in interface states causes display 
unevenness. For example, when a state of a surface of an alignment film is changed, an angle (a 
tilt angle) between a liquid crystal molecule major axis and the interface is also changed, which 
leads to change in response of a liquid crystal with respect to application of voltage and change in 
brightness. 
[0005] 

The surface state of the alignment film slightly depends on process conditions for forming the 
alignment film, and precise control of the process conditions has been required. For example, in 
the case of a polyimide alignment film, a micromolecular film having a dense and uniform surface 
state is formed in such a manner that, after a low molecular polyimide precursor solution is 
applied over a substrate, heating is performed, whereby a solvent is dried and a polymerization 
reaction is promoted. In particular, a heating temperature for promoting a polymerization 
reaction is, for example, greater than or equal to 200 °C, which is very high. When this high 
temperature heating condition is changed at this time, the tilt angle is deviated from a designed 
value, which causes unevenness. The tilt angle depends not only on a heat treatment 
temperature bu t also on rubbing conditions. Although the tilt angle tends to become small when 
rubbing strength is high in general, a degree of the change also depends on a material used for an 
alignment film, surface contamination of the alignment film due to rubbing, or the like. The tilt 
angle should not be too large or too small for the following reasons. For example, when the tilt 
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angle is smaller than the designed value, an alignment defective domain is generated in a portion 
where a step is generated due to existence of a wiring of an end portion of a pixel, or the like, 
whereby contrast ratio is drastically reduced. On the other hand, when the tilt angle is larger 
than the designed value, it is difficult to keep uniformity of the tilt angle, which causes luminance 
unevenness. At present, in order to obtain a uniform tilt angle of about 4 degrees in terms of 
mass productivity, a material to be used is selected severely, and on that basis, a heating process, a 
rubbing process, and the like is severely controlled; however, display unevenness is not removed 
entirely. 

[0006] (2) Keeping of high purity of liquid crystal 

Another characteristic which should be taken into consideration when a vertical electric field 
mode and a minute active matrix element such as a thin film transistor are combined with each 
other is purity of a material of a liquid crystal composition, and it is essential to keep an extremely 
high value of greater than or equal to 10 13 £l cm. This is required by a drive principle that 
charges which are supplied to a pixel and stored in displaying information have to be held until at 
least the subsequent information signal is supplied. In general, a degree of how much the 
charges are stored in this period (referred to as one frame period) is defined by a proportion of 
luminance to be kept in one frame period, and is represented as a voltage holding ratio. This 
voltage holding ratio is extremely sensitive to purity of a liquid crystal; therefore, at present, a 
compound contained in a material of a liquid crystal composition is limited to a mere part of a 
fluorine-based compound group. Further, limitation on a material of an alignment film is large. 
That is, when purity of a material itself of an alignment film which is directly in contact with a 
liquid crystal is low, after formation of a cell, the material of the liquid crystal composition is 
contaminated gradually, the voltage holding ratio is extremely lowered, a lowering degree thereof 
is distributed depending on places, and thus, uniform display cannot be obtained. At present, the 
maximum attention is paid to contamination of a liquid crystal by cleaning of equipment to be 
used, or the like; however, the voltage holding ratio is not 100 % and display unevenness is not 
removed entirely. 

[0007] (3) Afterimage phenomenon 

Although a mechanism is unknown, a so-called afterimage phenomenon, in which when a still 
image which is fixed is displayed and then switched to another image, the previous image remains, 
also strongly depends on materials of both an alignment film and liquid crystal. Since the 
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mechanism is unclear, the design of the materials is extremely difficult. 
[0008] 

As described above, it is the most difficult task to meet many required specifications such as 
precise control of the interface (maintenance of a predetermined tilt angle), keeping of high purity 
of a liquid crystal, and suppression of an afterimage phenomenon at the same time, and at present, 
the conventional active matrix liquid crystal display device using a vertical electric field mode is 
manufactured forcibly in a number of steps under process conditions with an extremely narrow 
range. For example, in a heating step of an alignment film, treatment is performed at an 
extremely high temperature of greater than or equal to 200 °C. In this manner, it is essential to 
set severe process conditions; therefore, the range of choosing other materials included in the 
liquid crystal cell is narrowed, which further lowers tolerance of the manufacturing conditions and 

[0009] 

The present invention provides a means for solving these problems and the object thereof is to 
provide a manufacturing method of an active matrix liquid crystal display device which has high 
image quality without display unevenness in such a manner that an active matrix element, a 
horizontal electric field mode, and an alignment film formed using a polymer soluble in a solvent, 
on which treatment can be performed in a process at a lower temperature, are combined with each 

[0010] 

[Means for solving the problems] 

In order to solve the problems and accomplish the object, in the present invention, the following 
means are used. 
[0011][Means 1] 

A manufacturing method of a liquid crystal display device characterized by including the 

following steps. 

[0012] 

(1) A step of providing a scan electrode, a common electrode, a signal electrode which intersects 
with the scan electrode, an active element, and a pixel electrode for one of a pair of substrates 
forming a cell, and forming a matrix element in which the pixel electrode and the common 
electrode are arranged so as to mainly apply an electrical field which is parallel to a surface of the 
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substrate to a liquid crystal. 
[0013] 

(2) A step of applying a solution of a polymer which is soluble in a solvent over the substrate. 
[0014] 

(3) A step of removing the solvent in the solution of the polymer. 
[0015] 

(4) A step of imparting ability of liquid crystal molecule alignment to a surface of the polymer. 
[0016] 

(5) A step of assembling a cell in such a manner that surfaces of a pair of substrates, which have 
ability of liquid crystal molecule alignment, face each other with a spacer and a sealing portion 
formed at peripheral portions of the substrates interposed between the pair of substrates the 
surfaces of which have ability of liquid crystal molecule alignment. 

[0017] 

(6) A step of forming a liquid crystal cell by injecting a liquid crystal composition into the cell 
and scaling the cell. 

[0018] 

(7) A step of connecting a driver circuit and a polarizing means to the liquid crystal cell and 
modularizing the liquid crystal cell. 

[0019] 

Means 1 provides a method for obtaining an active matrix liquid crystal display device which has 
higher image quality without display unevenness in such a manner that an active element, a 
horizontal electric field mode, and art alignment film formed using a polymer soluble in a solvent, 
on which treatment can be performed in a process at a lower temperature, are combined with each 

[0020] [Means 2] 

The manufacturing method of a liquid crystal display device described in Means 1, characterized 
in that the active element is a thin film transistor element 
[0021][Means 3] 

The manufacturing method of a liquid crystal display device described in Means 1. characterized 
in that the polymer soluble in a solvent is polyimide. 
[0022] [Means 4] 
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The manufacturing method of a liquid crystal display device described in Means 1, characterized 
in that the polymer soluble in a solvent is polyamide. 
[0023] 

Means 2 to Means 4 provide a more favorable means of the active element and a polymer soluble 
in a solvent. A thin film transistor element is excellent as an active element. Further, 
polyimide and polyamide are especially excellent among dense and macromolecular alignment 
films with high ability of liquid crystal alignment. 
[0024] [Means 5] 

The manufacturing method of a liquid crystal display device described in Means 1, characterized 
in that the substrate of the pair of substrates, which faces to the substrate having the matrix 
element, is subjected to the (2) to (4) steps. 
[0025][Means 6] 

The manufacturing method of a liquid crystal display device described in Means 5, characterized 
in that a color filter is formed over the substrate which faces to the substrate having the matrix 
element, and color-developing ability of a plurality of colors is imparted to the liquid crystal cell. 
[0026] [Means 7] 

The manufacturing method of a liquid crystal display device described in Means I, characterized 
in that the substrate having the matrix element, of the pair of substrates, is subjected to the (2) to 
(4) steps. 
[0027] [Means 8] 

The manufacturing method of a liquid crystal display device described in Means 7, characterized 
in that a color filter is formed over the substrate having the matrix element and color-developing 
ability of a plurality of colors is imparted to the liquid crystal cell. 
[0028] 

Means 5 to Means 8 provide a means in which the polymer soluble in a solvent is limited to be 
formed over one of the substrates. 
[0029] [Means 9] 

The manufacturing method of a liquid crystal display device described in Means 6 or 8, 

characterized by including the following steps. 

[0030] 

(1) A step of forming a film having a plurality of color developing layers. 
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[0031] 

(2) A step of forming a color filter by irradiation with a light pattern including a plurality of 

[Means 10] The manufacturing method of a liquid crystal display device described in Means 9, 
characterized in that a light irradiation step is performed once. 
[0032][Means 11] 

The manufacturing method of a liquid crystal display device described in Means 9 or 10, 
characterized in that after forming a color filter by irradiation of a film including the color 
developing layer which is interposed between a pair of macromolecular protective films with a 
light pattern, the film is attached over one of the substrates. 
[0033] 

Means 9 to Means 11 provide a manufacturing method of a color filter by a photographic method 
which realizes brighter colors and has not been able to be used due to existence of a high 
temperature heating process in a subsequent step of forming an alignment film in the conventional 
technique. 
[0034][Means 12] 

The manufacturing method of a liquid crystal display device described in Means 6 or 8, 
characterized in that light-shielding layers which block boundary portions of a plurality of color 
filters are formed over at least one of the pair of substrates at the time of assembling the liquid 
crystal cell. 
[0035][Means 13] 

The manufacturing method of a liquid crystal display device described in the means 12, 
characterized in that the light-shielding layer is formed over the substrate having the matrix 
element, and the plurality of color filters is formed over the substrate which faces to the matrix 
element. 

[003 6] [Means 14] 

The manufacturing method of a liquid crystal display device described in Means 12, characterized 
in that the light-shielding layer and the plurality of color filters are formed over the substrate 
having the matrix element. 
[0037] 

The means 12 to the means 14 provides a method for obtaining a light-shielding layer with a 
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higher light-shielding property and an active matrix liquid crystal display device which has higher 
image quality. 
[0038] 
[Operation] 

(1) The principle of operation of a horizontal electric field mode 

First, the principle of operation of a horizontal electric field mode which is an essential structure 
of the present invention is described. FIG 2 shows definitions of an angle j^c formed by a 
liquid crystal molecule major axis (an optical axis) direction 1 0 in the vicinity of an interface with 
respect to an electric filed direction 9 and an angle ji? formed by a polarized light transmission 
axis 11 of a polarizing plate. Since there are a pair of polarizing plates and a pair of liquid 
crystal interfaces above and below, angles thereof are denoted by fife, (^ci, and 0lc2 as 
necessary. Note that FIG. 2 corresponds to a front view of FIG. 1 to be described later. 
[0039] 

FIGS. 1 (a) and (b) are sectional side views showing operation of a liquid crystal in a liquid 
crystal panel of the present invention, and FIGS. 1 (c) and (d) are front views thereof. In FIG 1, 
a thin film transistor clement portion is omitted and part of a wiring electrode structure is shown. 
Further, a display device of the present invention includes a plurality of pixels; however, only part 
of one pixel is shown. FIG. 1 (a) is a sectional side view of a cell at the time of applying no 
voltage, and FIG. 1(c) is a front view at that time. Linear electrodes 1 and 4 are formed inside a 
pair of transparent substrates, and a protective insulating film 5 is applied thereover and is 
subjected to alignment treatment. In the protective insulating film 5 shown in this drawing, a 
protective film and an alignment control film are drawn to be integrated, both of which may be 
formed using a single material or may be stacked using two materials. A liquid crystal 
composition is interposed therebetween. A stick liquid crystal molecule 6 is aligned such that it 
has a slight angle, that is, 45 degrees <\fac\< 90 degrees with respect to a longitudinal direction 
(FIG (c) which is a front view) of the electrodes 1 and 4 at the time of applying no electric filed. 
In FIG. 1 and FIG. 2, the liquid crystal molecule major axis alignment direction (a rubbing 
direction) 10 above the interfaces is shown by an arrow. The liquid crystal molecule alignment 
directions above upper and lower interfaces are parallel, that is, faa = faa {=<kc\ as a favorable 
example. Dielectric anisotropy of the liquid crystal composition is assumed to be positive. 
[0040] 
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Here, a different potential is applied to each of the pixel electrode 4 and the common electrode 1, 
a potential difference is applied therebetween, and an electric field is applied to the liquid crystal 
composition layer in the electric filed direction 9, whereby the liquid crystal molecules react and 
the directions thereof are changed in the electric filed direction by interaction between dielectric 
anisotropy of the liquid crystal composition and the electric field as shown in FIGS. 1 (b) and (d). 
Brightness changes by interactions between refractive index anisotropy of the liquid crystal 
composition layer and the polarizing plate. 

[0041] (2) Flexibility of selecting in an alignment film material and a liquid crystal material 
Next, operation on increase in flexibility of selecting in an alignment film material and a liquid 
crystal material by employing a horizontal electric field mode which is an essential structure of 
the present invention is described. As described in "Problems to be solved by the invention", in 
selecting an alignment film material and a liquid crystal material, the following three points need 
to be taken into consideration: (1) precise control of the interface, (2) maintenance of high purity 
of liquid crystal, and (3) suppression of afterimage phenomenon. Hereinafter, as for these three 
points, an effect of converting a vertical electric field mode into a horizontal electric field mode is 
described sequentially. 
[0042] 

In a vertical electric field mode, optical switching is performed in such a manner that liquid 
crystal molecules, which are almost parallel to substrate surfaces at the time of a low electric field, 
are made to rise by a dielectric interaction between an electric field in a direction perpendicular to 
the substrate surfaces (a vertical electric field) and the liquid crystal molecules. At this time, if a 
tilt angle is completely zero, there exist two kinds of tilt directions and a boundary between the 
two kinds domains becomes an alignment defect region (referred to as reverse tilt domain), which 
causes significant decrease in image quality. In an actual element, the vicinity of an end portion 
of a pixel has many steps which are made by a wiring electrode, a thin film transistor, and the like. 
Therefore, when a large tilt angle of about 4 degrees is not obtained, this reverse tilt domain 
cannot be suppressed. The tilt angle in a vertical electric field mode needs because one tilt 
direction of the liquid crystal molecules at the time of application of the electric field needs to be 
determined in advance. In other words, an angle between the electric filed direction and the 
initial liquid crystal molecule alignment direction should be sufficiently less than 90 degrees. 
This angle is empirically at least less than or equal to 88.5 degrees, preferably less than or equal to 
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86 degrees. That is, when being converted into a tilt angle, it is at least greater than or equal to 
1.5 degrees, preferably greater than or equal to 4 degrees. On the other hand, in a case of a 
horizontal electric field mode, a rule of "an angle between the electric filed direction and the 
initial liquid crystal molecule alignment direction should be sufficiently less than 90 degrees in 
order to prevent an alignment defect region" can be applied. Accordingly, since the electric filed 
direction is changed from a vertical direction to a horizontal direction, an angle which 
corresponds to the tilt angle in a vertical electric field mode is in an alignment direction of liquid 
crystal molecules in the substrate surface, and thus, the angle between the interfaces and the liquid 
crystal molecules is not a matter and may be completely zero. The tilt angle is determined by an 
interaction between the alignment film and the liquid crystal molecules at a molecular level, while 
the alignment direction of liquid crystal molecules in the substrate surface is determined by a 
parameter of a rubbing direction which can be set freely at a design phase. Although described 
in a single phrase of "an interaction between the alignment film and the liquid crystal molecules at 
a molecular level", the phenomenon is complicate, and not only a primary structure of a material 
but also a secondary structure such as molecular conformation are related, and thus, a dependency 
on process conditions cannot be avoided. Accordingly, employing a horizontal electric filed 
mode completely release the restrictions of the tilt angle, and even by only this one point, 
flexibility of selecting in a material and a process is significantly increased. In the present 
invention, a process is used in which a macromolecular alignment film which has been already 
polymerized is dissolved in a solvent and applied, and thus, it is not necessary to generate a 
polymerization reaction over the substrate and a dense film quality with macromolecule can be 
obtained regardless of process fluctuation. The effect of suppressing the domain and the display 
unevenness also contributes to improvement of utilization efficiency of light. That is, the 
alignment defect portion which is generated in the vicinity of a portion having a step like a thin 
film transistor has been shielded with a black matrix in the conventional technique; however, in 
this mode, the area of the light-shielding portion can be reduced. As a result, the aperture ratio is 
improved, and accordingly, the utilization efficiency of light is improved, so that an effect of 
obtaining brighter display can also be obtained. 
[0043] 

Next, operation that the flexibility of a horizontal electric filed mode significantly increases also 
in maintaining high purity of liquid crystal which is a second request is described. In an active 
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matrix liquid crystal display device such as a thin film transistor liquid crystal display device, an 
image information signal is applied to a liquid crystal only in a scanning selection time and the 
pixel portion is open in a nonselection time in which another line is selected in terms of a circuit. 
In this period, a charge supplied from a signal wiring electrode has to be held for a period by a 
time when the line is selected next (one frame period). A time constant of a period of holding 
this charge is determined mainly by a product of electrostatic capacitance and electric resistance 
of the entire pixel portion. However, in the case of a vertical electric filed mode, even when the 
value of the electric resistance is a maximum value which the liquid crystal can realize, only 
electrostatic capacitance which the liquid crystal itself has is insufficient, and practically, a wiring 
or the like is led to add a capacitor portion for each pixel. On the other hand, in the case of a 
vertical electric field mode, the electrodes are provided linearly and a cross-sectional area in a 
direction perpendicular to the electric filed direction which determines the resistance value 
becomes significantly small. Therefore, even when resistivity of the liquid crystal composition 
is the same, the resistance value of the liquid crystal pixel portion can be significantly reduced. 
On the other hand, the capacitor is in the inverse ratio of the resistance value to be smaller, which 
is disadvantageous. However, increase in the resistance value is significant (greater than or 
equal to 100 times), and thus, by combining the added capacitor which has been formed in the 
conventional technique, sufficient voltage can be held. If an added capacitor element which is 
the same or almost the same as a conventional capacitor element is provided, there is no problem 
even when the resistance value of the liquid crystal is decreased to be one tenth or one hundredth. 
In this manner, contamination resistance of liquid crystal is significantly improved, whereby 
flexibility of selecting in a peripheral material of not only liquid crystal itself but also an 
alignment film which is in contact with a liquid crystal, a sealing material, a sealant, or the like 
and process tolerance for forming them are significantly increased. In the step of applying the 
polymer soluble in a solvent of the present invention in a solution state, conventional high 
temperature heating is unnecessary, and the surface state is made uniform easily. Further, even 
when a liquid crystal is contaminated a little due to seepage of remaining solvent or the like, 
voltage holding ratio is not reduced, and in this point, display unevenness is not likely to be 

[0044] 

The present invention has a significant effect of suppressing an afterimage phenomenon which is 
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a third request. The afterimage phenomenon is also a phenomenon in which an interface 
phenomenon is recognized. In general, the interface phenomenon occurs as a property in a 
direction perpendicular to the interface. In the case of a horizontal electric field mode, a main 
component of the electric field is parallel to the interface and such an interface phenomenon is not 
likely to be caused at all. In fact, as described in an embodiment later, in any of embodiments, 
no afterimage phenomenon was caused. 
[0045] 

By the three effects described above, various display unevenness to which the interface 
phenomenon and slight contamination in the liquid crystal are related is suppressed, so that an 
even liquid crystal display device with high image quality can be realized. In addition, a new 
process which has not been able to be performed at all before now becomes possible. That is, 
flexibility of selecting in a material of an alignment film, a sealing material, a sealant, or the like 
is increased, which leads to large reduction in a heating temperature and reduction in heating 
process time, for example. Further, a material for a color filter, light shielding, or the like which 
is a peripheral material that has not been able to be used due to restrictions of heat resistance, 
ability to prevent contamination, or the like can be used. As a result, a composition material 
which can suppress display unevenness and improve an image quality significantly can be 
selected. By utilizing the characteristics of a horizontal electric filed mode, the present invention 
provides a method by which a polymer which has higher tolerance, which is soluble in a solvent 
and to which a low temperature process can be applied, is employed as an alignment film material, 
and a film quality of an alignment film is stabilized, so that a liquid crystal display device without 
display unevenness is obtained. In addition, application of a low cost process such as significant 
reduction in a heating temperature or reduction in a heating process time leads to significant 
reduction in production power and contributes to reduction in manufacturing cost and saving of 
energy resource. 
[0046] 

[Embodiment] The present invention is described specifically by embodiments. 
[0047] 

[Embodiment 1] 

Two transparent glass substrates each of which has a thickness of 1.1 mm and each surface of 
which is polished are used. First, a thin film transistor was formed over one of these substrates 
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in the following procedure. Note that a matrix element including the thin film transistor and a 
wiring electrode may be any kind as long as a horizontal electric field can be applied, and a 
manufacturing method thereof is not related to an essential feature of the present invention; 
therefore, a description thereof is simplified. The description here relating to the manufacturing 
method of the matrix element is an example, and this embodiment is not limited thereto. 
Hereinafter, this embodiment is described with reference to FIG. 7, FIG. 8, and FIG. 9 which show 
schematically a cross-sectional view taken along line C-C of FIG 3 showing a structure of one 

[0048] 

A chromium film was formed over one of surfaces of a transparent glass substrate 7 by a 
sputtering method, and next, a scan electrode 12 and a common electrode 1 were patterned by a 
photolithography method (FIG. 7 (a)). After that, a gate insulating film formed using silicon 
nitride (SiN) was formed thereover by a CVD (Chemical Vapor Deposition ) method (FIG 7 (b)), 
and a-Si 13 of which surface layer is an n-type amorphous silicon (a-Si) film was formed 
thereover also by a CVD method (FIG 7 (c)). A signal electrode 3 and a pixel electrode 4 
formed using chromium were formed by a sputtering method or a photolithography method so as 
to cover part of the a-Si 13 to form a thin film transistor (FIG 7 (d)). An insulating protective 
film formed using SiN was formed thereover (FIG. 8 (e)). After that, a light-shielding layer 22 
and a color filter 23c which serves as a pigment were formed thereover, and a planarization film 
23b formed using a resin was spin-coated thereover (FIG 8 (f)). As the light-shielding layer, an 
epoxy resin in which a carbon particle manufactured by Cabot Corporation (MONARCH 800, a 
grain size of 16 nm) is mixed by 1 weight% was used. As color developing pigments of the 
color filter, with respect to three primary colors of red, green, and blue, CR-6101, CG-5101, and 
CB-6101 manufactured by FIJIFILM Hunt Chemicals were used, respectively. After application 
is performed by spin coating and prebake is performed at 85 °C, exposure to light and 
development are performed, and lastly, postbake is performed at 200 °C, whereby a film-shaped 
color filter was formed. In this embodiment, a pigment was used as a color developing layer; 
however, since heating does not need to be performed at a high temperature in a subsequent 
alignment film formation process according to the present invention, a dye type coloring agent 
which has low heat resistance and a vivider color may be used. Further, as a material for a 
light-shielding layer, in this embodiment, a material which may be a contamination source which 
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lowers resistivity of a liquid crystal, such as a carbon black particle, was used; however, since a 
horizontal electric field mode itself is resistant to contamination, there is no problem. Rather, 
since a carbon black particle excels in a light-shielding rate, a higher image quality can be 
realized. Needless to say, there causes no problem even when other insulating light shielding 
materials such as a pigment and dye except a carbon black particle are used. Further, although 
an epoxy resin was used as a resin thereover for planarization, this is not limited to this material. 
Next, a polymer solution 24a of AL-1051 (manufactured by JSR corporation) which is a 
solvent-soluble type polyimide with imidization ratio of 100 % was applied by a spin coating 
method (FIG. 8 (g)). In this embodiment, as a solvent, a solution where dimethylformamide 
which is a polar solvent and butyl cellsolve which is a non-polar solvent were mixed so as to have 
a weight ratio of 8 :2 was used; however, in a case of a polar solvent, N-methyl-2-pyrrolidone or 
dimethylacetamide may be used instead of dimethylformamide, and in a case of a non-polar 
solvent, butylcellosolve acetate may be used. Further, although a spin coating method was 
employed as a coating method in this embodiment, the embodiment is not limited thereto as long 
as a method by which coating can be performed to have a uniform thickness, such as various 
printing methods such as letterpress printing, offset printing, screen printing, a roll coating 
method, a dipping method, or the like is employed. After that, this solution was heated to 160 
°C, was left for 30 minutes, and the solvent was removed. In this manner, a polymer 24b which 
was a dense polyimide alignment film was obtained (FIG 8 (h)). Next, this surface was 
subjected to rubbing treatment, so that ability of liquid crystal alignment was imparted to the 
surface of the alignment film (FIG. 9 (i)). In this embodiment, as a method for imparting the 
alignment ability, a rubbing method was employed; however, other methods such as a method of 
forming a minute groove can also be utilized. Next, the counter substrate in which ability of a 
liquid crystal alignment was imparted to the surface of the alignment film using the same material 
and the same process, and the surfaces 24d each having ability of a liquid crystal alignment face 
each other and the cell was assembled with the spacer formed using a polymer particle and the 
sealing material of the peripheral portion interposed therebetween (FIG. 9 (j)). A liquid crystal 
molecules 6 were injected into this cell in vacuum and sealing was performed with a sealant 28 
containing an ultraviolet curable resin. After that, a driver circuit, a polarizing plate, a backlight, 
and the like were connected to this cell and this cell was modularized, so that a liquid crystal 
display device was obtained. 
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[0049] 

Next, a structure of the liquid crystal display device obtained through such a process is described 

more specifically. 

[0050] 

Rubbing directions on the interfaces above and below were made almost parallel to each other, 
and an angle between the rubbing directions and an applied electric field direction was set to be 
88 degrees (j^ci = faci = 88°). The dielectric anisotropy Ae of a nematic liquid crystal 
compound interposed between these substrates is positive, value thereof is 4.5, and the refractive 
index anisotropy An is 0.072 (589 nm, 20 °C). Further, although the resistance value of this 
liquid crystal composition was greater than or equal to 10 14 O cm at first, this liquid crystal 
composition was contaminated after that, and the resistance value thereof was reduced to be 6 x 
10 12 Q-cm. In this embodiment, this contaminated liquid crystal composition was used. The 
gap d was set to be 3.9 urn in a state where the liquid crystal was filled and sealed in such a 
manner that spherical polymer particles were dispersed and held between the substrates. 
Accordingly, the product of An-d was 0.28 1 um. Further, when the same alignment film material 
was formed over a glass substrate in the same process and the tilt angle of the liquid crystal 
molecule major axis was measured by a crystal rotating method, it was only 1.2 degrees. A 
panel was interposed between two polarizing plates (G1220DU manufactured by NITTO DENKO 
CORPORATION), the polarized light transmission axis of one of the polarizing plates was set to 
be an angle slightly smaller than the rubbing direction, mat is, fa = 80° (that is, \fai - fa\ = 8°), 
and the polarized light transmission axis of the other of the polarizing plates was set to be 
orthogonal thereto, that is, fa = - 12°. Thus, characteristics (FIG 4) were obtained in which, as 
the voltage V L c applied to a pixel was gradually increased from zero, brightness is reduced to the 
minimum value. In this embodiment, normally close characteristics were employed in which a 
dark state was obtained at a low voltage (K OF f) and a bright state was obtained at a high voltage 
<7on). V 0 ff is 6.9V and V m is 9.1V. 
[0051] 

Structures of a thin film transistor and various electrodes are shown in FIG. 3 and the detail 
description is made. FIG. 3 (a) is a front view seen from a direction perpendicular to the 
substrate surface, and FIGS. 3 (b) and 3 (c) are cross-sectional side views. A thin film transistor 
14 includes a pixel electrode (a source electrode) 4, a signal electrode (a drain electrode) 3, a scan 
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electrode (a gate electrode) 12, and an amorphous silicon 13. The common electrode 1 and the 
scan electrode 12 were patterned and formed using the same metal layer, and the signal electrode 
3 and the pixel electrode 4 were patterned and formed using the same metal layer. A capacitor 
16 was formed so as to have a structure in which a gate insulating film 2 was interposed between 
the pixel electrode 4 and the common electrode 1 in a region connecting two common electrodes 
1 (shown by dotted lines in FIG. 3). The pixel electrode 4 is provided between the two common 
electrodes 1 in the front view (FIG. 3 (a)). One pixel pitch 15 is 69 um in a horizontal direction 
(that is, between the signal electrodes), and is 207 um in a vertical direction (that is, between the 
scan electrodes). The widths of the scan electrode, a signal electrode, a common electrode 
wiring portion (portion which are extended parallel to the scan electrode (in a horizontal direction 
in FIG. 3)) which are wiring electrodes, which are ranging between a plurality of pixels, was 
increased, so that a line defect was prevented. Each width was 10 um. On the other hand, the 
widths of portions which extend to the longitudinal directions of the pixel electrode and the signal 
wiring electrode of the common electrode, were slightly reduced, and each width was 5 |xm and 8 
um. Although reduction in widths of these electrodes increases a possibility of disconnection 
due to contamination of a foreign substance, in this case, only a partial defect of one pixel is 
caused and a line defect is not caused. In addition, in order to realize an aperture ratio as high as 
possible, the common electrode and the signal electrode were slightly overlapped (1 um) with the 
insulating film interposed therebetween. Thus, a black matrix in a direction parallel to the signal 
wiring is not necessary. Therefore, as shown in FIG 3 (c), a black matrix structure was 
employed in which light shielding was performed only in the direction of the scan electrode. In 
this manner, the gap between the common electrode and the pixel electrode was 20 um and the 
length of the aperture in a longitudinal direction was 157 urn, so that a high aperture ratio of 
44.0 % was obtained. The number of pixels was 320 x 160 with 320 signal electrodes and 160 
scan electrodes. In FIG. 5 and FIG. 6, panels each including a plurality of pixels are shown. In 
FIG. 5, a black matrix is omitted, and in FIG. 6, a state in which light shielding is performed with 
the black matrix is shown. 
[0052] 

Next, a circuit configuration and a driving waveform are described. Each scan electrode 12 and 
each signal electrode 3 were connected to a signal electrode driver circuit 18 and a scan electrode 
driver circuit 19, respectively. Further, a common electrode driver circuit 20 was connected to 
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the common electrode 1 (FIG. 13). A signal waveform having information is applied to the 
signal electrode 3, and a scan waveform is applied to the scan electrode 12, synchronizing the 
signal waveform. An information signal is transmitted from the signal electrode 3 to the pixel 
electrode 4 through the thin film transistor element 14, and a voltage is applied to the liquid 
crystal between the common electrode 1 and the liquid crystal. In FIG. 14, specific examples of 
driving voltage waveforms are shown. Note that the amplitude in the case of this embodiment 
was set to satisfy Kd-center = 14.0, V QH = 28.0, V QL = 0, Kdh = 15.1, V VL = 12.9, V CH = 20.4, and 
V CL = 4.39, and as a result of this, a jump voltage AV G s (+), Vqs (-), a voltage V s applied to the 
pixel electrode, and a voltage V LC applied to the liquid crystal due to parasitic capacitance 
between a gate electrode and a source electrode were as in the following table. Note that the unit 
of voltage is "volt" hereinafter. 



[0053] 
[Table 1] 

Various voltage values 



Display stale 


&Vas(+) Vas(r) Vsh 


VSL 


Vlch 


Vlcl 


v rm 


Brightness 


+1.76 -1.64 +11.14 


-13.46 


+9.24 


-9.07 


9.16 


Darkness 


+1.47 -1.57 +13.63 


-11.33 


+6.75 


-6.94 


6.85 



[0054] 



Kon and Koff shown in FIG. 4 were 9.16 volts and 6.85 volts, respectively. In this embodiment, 
a process temperature for forming the alignment film was set to be 160 °C at which the solvent 
can be removed sufficiently and which is a temperature much lower than conventional one. 
Further, the tilt angle was 1.2 degrees, which is a value low enough to cause an alignment defect 
in the conventional vertical field effect mode; however, no alignment defect such as reverse tilt 
domain was caused. Furthermore, an effect of reduction in the tilt angle is that there was no 
alignment nonuniformity and display uniformity was also increased. In measuring display 
performance with a luminance meter, a sufficiently high contrast ratio 80 was obtained. In 
addition, there was no display unevenness at all due to contamination of the liquid crystal, or the 
like and display with high uniformity was obtained. Moreover, when a fixed pattern was 
displayed for one hour and then changed to another pattern, no afterimage (burn- in) phenomenon 
was recognized and the fixed pattern was changed to the new pattern instantly. 
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[0055] 

[Embodiment 2] 

In this embodiment, HTX-6700 (Manufactured by Hitachi Chemical Co., Ltd), which is a 
solvent-soluble type polyamide, was used as an alternative to the polyimide alignment film of 
Embodiment 1 . As with Embodiment 1 , after a polyamide was applied in a solution state, this 
solution was heated to 150 °C, it was left as it was for 30 minutes, and the solvent was removed, 
so that a dense polyamide alignment film was obtained. The tilt angle was 1.0 degrees. Other 
structures are the same as those of Embodiment 1. When modularization was performed and 
characteristics thereof was evaluated, a sufficiently high contrast ratio 100 was obtained, and no 
alignment defect such as alignment nonuniformity or reverse tilt domain or no display unevenness 
due to contamination of the liquid crystal, or the like was caused, so that display with high 
uniformity was obtained. Moreover, when a fixed pattern was displayed for one hour and then 
changed to another pattern, no afterimage (burn-in) phenomenon was recognized and the fixed 
pattern was changed to the new pattern instantly. 
[0056] 

[Comparative Example 1] 

An alignment film was formed over a conventional thin film transistor matrix substrate for a 
vertical electric field mode in a manner similar to that of Embodiment 2. A color filter was 
formed under a transparent conductive film formed on a counter substrate. As a display mode, a 
twisted nematic mode was employed. Further, as a liquid crystal material, a material which is 
not contaminated and has a resistance value of 10 !4 n-cm was used. Other than these regards 
were the same as Embodiment 2. 
[0057] 

As a result, an alignment defective domain was generated in an end portion of a pixel due to the 
shortage of the tilt angle, a light scattering phenomenon occurs, and the contrast ratio was reduced 
to 25:1. In addition, display unevenness which appears at the time of using a contaminated 
liquid crystal was also generated. 
[0058] 

[Embodiment 3] 

In this embodiment, a color filter was formed on a counter substrate side. FIG. 10 shows a 
cross-sectional schematic view of a liquid crystal display device of this embodiment. A color 
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filter 23c having a plurality of colors is stacked on a counter substrate 7 side. Boundaries of the 
plurality of colors are provided just over a light-shielding layer 22 over a matrix substrate. A 
width of a light-shielding portion is 50 pm, which is very large as compared to 3 to 10 pm of 
alignment accuracy between substrates of a general liquid crystal panel assembling apparatus; 
therefore, assembling can be performed veiy simply. Further, the color filter of this embodiment 
was manufactured in such a manner that light irradiation is performed once on FUJICHROME, 
PROVIA, 100DAY LIGHT, RDPII135, which is a positive type film manufactured by FUJIFILM 
Corporation, to form a pattern of the plurality of colors. Since the film has a plurality of color 
developing layers between two protective films in advance, when light irradiation is performed 
through a photomask corresponding to a pattern of a color which is needed as a liquid crystal 
display device, a color filter can be obtained by performing light irradiation once. After this 
color filter was bonded to the counter substrate with an epoxy-based adhesive at a room 
temperature while a pressure being applied, a cell was obtained through an alignment film 
formation process similar to Embodiment. At this time, the solvent was removed at 80 °C under 
reduced pressure of 10 mm Hg for five hours. The other conditions are similar to those of 
Embodiment 2. 
[0059] 

When modularization was performed and the characteristics thereof was evaluated, sufficiently 
high contrast ratio 100 was obtained, and there was no display unevenness due to no alignment 
nonuniformity, alignment defect such as reverse tilt domain, contamination of liquid crystal, or 
the like, so that display with high uniformity was obtained. Moreover, when a fixed pattern was 
displayed for one hour and then changed to another pattern, no afterimage (burn-in) phenomenon 
was recognized and the fixed pattern was changed to the new pattern instantly. In addition, a 
color tone of a color filter manufactured using such a positive type film is very vivid, so that a 
color of the liquid crystal display device of the present invention using this also becomes vivid. 
[0060] 

Note that in this embodiment, the color developing layer which are sandwiched between the 
protective films was used, and after formation of a color filter pattern, the color developing layer 
was bonded to a glass substrate; however, the coloring developing layer may be formed over the 
glass substrate from the beginning. Further, it is preferable to perform light exposure once in 
terms of a manufacturing cost; however, it may be performed plural times. 
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[0061] 

[Embodiment 4] 

In this embodiment, a color filter was manufactured using EKTACHROME DYNA 100, which is 
a positive type film manufactured by KODAK JAPAN LTD., in a process similar to that of 
Embodiment 3. Further, a light-shielding layer was provided for a pattern of a color filter and 
was not formed in an active element. FIG 12 shows an arrangement of a light-shielding layer in 
a color filter of this embodiment. FIG 12 (a) shows a sectional side of the pattern, and FIG 12 
(b) shows the pattern seen from the front. 
[0062] 

Similarly, when it was modularized and the characteristics thereof was evaluated, sufficiently high 
contrast ratio 90 was obtained, and there was no display unevenness due to no alignment 
nonuniformity, alignment defect such as reverse tilt domain, contamination of liquid crystal, or 
the like, so that display with high uniformity was obtained. Moreover, when a fixed pattern was 
displayed for one hour and then changed to another pattern, no afterimage (burn-in) phenomenon 
was recognized and the fixed pattern was changed to the new pattern instantly. As with 
Embodiment 3, a color tone of a color filter manufactured using such a positive type film is very 
vivid, so that a color of the liquid crystal display device of the embodiment using this also 
becomes vivid. 
[0063] 

Through Embodiments 1 to 4 described above, by employing a horizontal electric field mode and 
a polymer which is soluble in a solvent as an alignment film in an active element such as a thin 
film transistor element, tolerance to contamination of a liquid crystal or tolerance to an alignment 
process, such that a heating temperature may be low after application of an alignment film varnish, 
is increased, and a liquid crystal display device which has high image quality without display 
unevenness was obtained. 
[0064] 

[Effect of the Invention] 

According to the present invention, by combining a horizontal electric field mode and a polymer 
which is soluble in a solvent and of which heat temperature may be low after application in an 
active matrix element such as a thin film transistor element, tolerance to contamination of a liquid 
crystal or an alignment process is increased, and a liquid crystal display device which has high 
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image quality without display unevenness can be obtained. 
[Brief Description of the Drawings] 

[FIG. 1] Views showing operation of a liquid crystal in a liquid crystal display device of the 
present invention. 

[FIG. 2] View showing angles between molecule major axis direction (a rubbing direction) j^c 
over the interfaces and a direction of a polarized light transmission axis of a polarizing plate 
with respect to an electric filed direction. 

[FIG. 3] Views showing a structure of a thin film transistor, an electrode, and a wiring of a liquid 
crystal display device of the present invention [(a) front view, (b) and (c) sectional side views] 
[FIG. 4] Graph showing electro-optical characteristics of a liquid crystal display device of the 
present invention. 

[FIG. 5] View showing an arrangement of a plurality of pixels of a liquid crystal display device of 
the present invention. 

[FIG. 6] View showing an arrangement of a plurality of pixels of a liquid crystal display device of 
the present invention. 

[FIG. 7] Views showing a manufacturing process of a liquid crystal display device of the present 
invention. 

[FIG. 8] Views showing a manufacturing process of a liquid crystal display device of the present 
invention. 

[FIG. 9] Views showing a manufacturing process of a liquid crystal display device of the present 
invention. 

[FIG 10] Cross-sectional side view of a liquid crystal display device of the present invention, on 
which a color filter is mounted. 

[FIG. 11] View showing a manufacturing method of a color filter of a liquid crystal display device 
of the present invention. 

[FIG 12] Another embodiment of a color filter of a liquid crystal display device of the present 

[FIG. 13] View showing a circuit of a liquid crystal display device of the present invention. 

[FIG. 14] Views showing another driving waveform of a liquid crystal display device of the 

[Description of the Numerals] 
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1: Common electrode, 2: Gate insulating film, 3: Signal electrode (Drain electrode), 4: Pixel 
electrode (Source electrode), 5: Protective insulating film, 6: Liquid crystal molecule in liquid 
crystal composition layer, 7: Substrate, 8: Polarizing plate, 9: Electric field direction, 10: 
Molecule major axis direction (a rubbing direction) over the interfaces, 11: Direction of a 
polarized light transmission axis of a polarizing plate, 12: Scan electrode (Gate electrode), 13: 
Amorphous silicon, 14: Thin film transistor element, 15: One pixel pitch, 16: Added capacitor 
element portion, 17: Acontrol circuit, 18: Signal electrode driver circuit, 19: Scan electrode driver 
circuit, 20: Common electrode driver circuit, 21: Display region, 22: Light-shielding layer, 23a: 
Color developing layer, 23b: Planarization film, 23c: Color filter, 23d: Macromolecular protective 
film, 24a: Polymer solution, 24b: Polymer, 24c: rubbing roller, 24d: Alignment film, 25: 
Photomask, 26: Light, 27: Sealing material, 28: Sealant 
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R^tr b<Mt\^m.<n 7i=r47'-?Yi)t?. mm,tt 

[00 10] 

[Sa5r«i*tefc*»#R] SMBIR«Sr«ftU .fcffi 
[0011] etT«ia*>?>i5;t*«« 
[0012] (1) •e^&*&t&-*troS&»-*"» 

IS. 

[00131 (2) K«SJ:l;. SfffJl;sj^«c*yvJO 

[0014] (3) K#y^rojgfRfroS#J*-»*1-5 
IS. 

[0 0 15] (4) a#y?ro*Bliffi»»^EiSiffi* 

[0016] (5) «ElciS,&}>?Kl6lfc£*+$-*t 

»ss * ^ 1 mm iass t w s ^ ->-^sii i 

^ax±^mh^xi,xn. 

[ooi7] (6) m-tMm§,m.mzitK m±i 

[0 0 18] (7) iSt®&tMZWm%, <fi*#R?r 

[ooi9i*an±, 7?7-<c?%*tmm$,t 
[0020] [m2) mmri'T^ y-^wmv 7 



[0021] 3 j mmm^m^ y y 
-r ; r t zmt -tzm i cEttnaaa* 

[0 0 2 2] (#S4) mie?g#Jic5r»4-Ky viwy 

[0 0 2 3] *a2A>? 3 *S4l±. 7>r^y*^ft0! 

ti-C^5„ St, fH5 K. Sl>'*yrs KttME 
5„ 

[0 0 2 4] (*®5) fflSE-tf«£««9*,flifIiI? h 

y f ^*^*^-r?i*te(c*tisi-f-5£*s;);(2)7i>( : j 

[0 0 2 5] BMdv I- y ?**?£*f+5S 

tEi;*H6li-3S*±i; * 7 - 7 U ffiffi* 

[0 0 2 6] »« 7 ) mE-*r«SS« 5 *»«iaev h 

'J <-»*?*#1-5*«iS! (2) A>fb (4) 7)Ig£« 
5 - i fr»«i -fi^S l l;E«»fflSS«*8a»SSit 

m. 

[0 0 2 7] t*»8] flE^h!/ 
X&n&ttS- L-fc - t ZWtikt 7 lcE««iSS 

[0 0 2 8] ?S5A>e>¥S8li-?JC0S1SIC|!g^LT 
[0 0 2 9] (#S9i aTWlSA^tSlt^fS 

m. 

[0 0 3 0] (1) «»m|6fi«Sr#+«IIS*ig^+5 

18. 

[0 0 3 1] (2) m<0&i>>bfj:6?)t'<l>->m% 

*S 9 £E*©SlftS*§£BraR»#ft. 
[0 0 3 2] Mi i) -nns^msmx-miii 

7-7YA-**rJMLf.S;, SSE-TjrofiS-tcaS:^ 

!oo3 3] #S9A>6*mi us. se*i±-ti7)«ws 

[0 0 3 4] Mi2) SirEfSl-t/nBaTasicMS 



J) «ffl¥7-26l I 8 l 

f)Sffirt'>7i < 1 1-* «KffiJ:i;M+5 ; t &f?a 
t-T5^S6 #>5i >(i 8 KESiroMilt/TKSroRiS £ 
ft. 

[0 0 3 5] [*«13] HSsE-rM^at^fctfS 
irSr#att5#ai 2llEtt»iSi,a*«Bm8(ii* 

ft. 

[0 0 3 6] »S1 4) MfEv 

■ts 1 1 1 1-5 1 2 irte*©sss*^aio 

$!!i£7jft, 

[003 7] #Ri 2*»b#«i 4ttJ:lJ»«tt(nKV> 
[0 0 3 8] 

mm 

(i) *t»*s©»^jHa 

:o g8£Sl«+5. H 2 li«ff*(6l 9 cytSSWfitST 
w«fi^S«i (ft^tt) mi ontt+*t„ , IB* 

T*„ , «„ , *,„ , *,„ tREtS. Si, B2ii« 

[0 0 3 91 01 (a), (b) WSMfi/^rt 

vms,<omi:mtmmse. mi to, (d) i±-t 
esixsa«aia(}g«issii^siiri>5. it. 

ffi£01 (a) C, -E-»ltro5Effl3fc01 (c) |;,t? 

(±«Sl. 4»fi*77|6] (01 (c) IESISI) tSffC 
) erm**, W*>4 6*S | #.r I < 9 OJt. SrtiO,t 
vCElSljnTPS. Hi, H 2 fliffffiimifcitt? 
S#Sai6l*|S| (^fy/TJ-lSl) lO^r^T-^Lfc. ± 
T#ffi±T"«ttS#?&|S]*fiB:, MUM Mi LT 
W. f!P*.*.n =*,« (=*,r) iioTO-5. W n 
aj6*»*SJS*ttl±iE*i»;tL-U*3„ 

[0040] sB*a«4t#aafti»tn-t' 

KSSTJttim^tm-ftSffffllci^Bl (b), (d) 
i I^LfcivK8Ef B #?asg£LT«ff#|i]t.tOT|n)# 



[oo4i] ( 2 ) te^mum i. m&B,wmwm 
&m 

one mmnmm-ckimniiXimtz 

IttloT, EfRHSmMs J: W&ft,*m©iiHR© I ft 

ffi^TO^iiWi-Sieiitt (l) SM©«8fciSI». 
(2) itewflMffi©*!*?. (3) *e«*©Hi»J©3 10 
£ik>S*.+zm#»>Z. JUT, cJit>n3*l:oi>T 

[0 0 4 2] KftaS&CJai^-Cli, 'ffifi»-?i'-(StS 

.t 1 ifltStf? i i Wi* -f y ? £ 

fr^ri^. Z©B#, {,L«#fti;S±K-t?Dr-fo5i 
«<*lRliLTIt2««i#St5CiK.4D, *©2» 
««M^y©#8riSElSl*&S* (!>'<-x*-/uM* 20. 
>-f>»«) i&9, MSIr*L<ffi-F^-a:5„ 9. 

Bl7>-/x'y Sa^«itis#»fcS fc«;.-.4«#l% © 
fc58***4«H*fl*4i»i. 9 K 

> •< mm+s 1 1 wzfa >. «e#**i;*jw 5 

©fc-f-fiifr 9 o 8E ± 9 +#lo|>3 < L*< Tttfcfefc 
l\ ^©fiSli. SKWIclifttg-efcs 8. 5 ««T. 30 
ffl*L<l±8 6*BlTT-ii>S. Bn*>«#flir»*+.5 
i, *ffi-eti.5 S&Jl, a*u<ii4*w±t/£ 

a. -5?. *»ff««^K;*3v^-ct, raws 

isi t mtttm 9 o*.fc 9 +*xif ai<J t 

-l*o fc 1 * K , «ES#*itlc It 5 « # ft l; 

*S:T«g|-C*o t#B i SEiHH- i »W ft liHIHT 

v ' 5 ©liElSlK t t ©3H- u^/i/-cwffiE^ffl 

T-fcotmicJtu SKBrtwiKfiiH^&frlSiS* 
» 5 ©tt 7 t'y i i ^ mmv & ft icsttrt 
5'<7>-*-(?fc3. ElfcKiMiH^o^i"** 
■ewfflSMt-plca^fc/j!, S*(i«MT-. WW© 
l fruit©** (b s ^ y t * - *s a 2 m 
SH,l»J5-LTfc9, :/n**M*#te&Ktf3::£tt 

#fl©Mfti>«.^±fcB*Sii. :mi,«,»iaoT 



*M¥7-2 6 l I 8 l 
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5 eSi 'fc < ft JH- Sr-«* iRKiis 7 o -t x sea t i 

[0 0 4 3] frtS2©S!IT-S>5, MwaMSmfl 

©J; i47 h y ?^®SSft**«Bl;Js^ 
t, »fii;ii*sg«i»Blrt©*tiS«<S«)l^iiE]]An 
Sn. «L©7-0'i«gS{$ti5*iimMl*llCliiB*S5 
lJ@KWIctt*-7>««t)!t5. -roM, (f*E»S 
Hi ►) «^^nt*iSl±. oS'lc-fr©?-)' 
tZX-mm (17U-A«B) (*»*^<Tii*(b 

i'b. «£«#©»^. «ft*:|IS!1,?S««fil5i©**: 

»u-ci^©iJia«-e*5. ^W:*tL. 

*lSj©Brffi««!»L<'hS<<e5„ LfciJSoT. MM 
^©ttfitt^H-T*) o T t «E6i5*Sii©Bgittii* 
u<fi«-e*4= -**ft©*ii. a?i;«ttttctJt(« 

«*t«[©Jfi W*u< (looflmi:) , t©fc»ffi* 

£E£(BJ*-C-#S. tfL%, «E*fcPia«©f+ag«S-f 
©««<(!}: l o »© 1 > L l o o %n \ 
CT#oTfcSofc<l«B!Sv*. r©i9K, 
?5Jfett^»L<i6i±LfccttJ;'9, «**©*>©©* 
tot,*?. fS£ic«-f5El6itt, ->-^l, WitSlii,^ 

fcHa»»©awi©ia«fcj:tf*nt,*»£+$7-p 

-t^«ftos»L<i«*:-f6o *K«©»»]lc^4*y 

v^«wx-^-t5ist'it, ae*©j: i iiSMsa 

t *fc'i-^lc J; 9 «r^* L T i*BE(X)#$ 

£ttT£*-f. ^©«-et«*tfe.c4«u<v>. 

to 0 4 41 «3©saT-A5M«a©»fftllcfc*3S 
tz.t>mx-ht>. -»C#ffia*l±, »Bt*tt4*fiin 
#ffilc¥ffr-ft 9 , i 4-«l©SBa«iiSjxi; 



[0 0 4 5] aJb«i^43jSKfciw:»*K±?. # 

tT^ST*ICttS-3fi<^SISIT-fcofc. ftUV7*D-fc 
^"TflBifca. HP*>, filBl«S, ->->HH, Sitffli^ 
o t tm«WR« a * L t r i i; J: 0 . flUif 

*A>o/-;@a»IT-fc5*7-7^>i-?, SftffltttW 10 
aMSxaJ^lc^.ta. .fc»Ji£*tr(b£WSIL 

f t < sis -tif a = i zmmwmx- 

IIK£$£ft:;?it, «*tr b(»fcv«iB.£T.»SaM*a 

x ^*^-*»«««CtllF41-a. 20 

[0 0 4 6] 

[MM ***fe*Jfi(sm;J: 9ftftrt(;M-t-5. 

[0 0 4 7] (SffiMl) S«iLTttJ¥*««l. lim 

S-TEro#«-CMLit. its, iWh^vi^tsJ: 
OSiESfta tn-citft^. SIT 1 (S*mfi!ie**i-@ 

3 (DC — C ffl«*rffi@S:«aWlc*Lfcia7, 08, 
["0 0 4 8] atW<C#7^W£S7flP-*(D±(C. x/< 

-f -sic £ c >festt 1 2 1 Lfc 

(07 (a) ) „ i<T>$. ^OilCCVDfChemical Va 
por Deposition) St £ 0 U 3 y (s i N) !5>f> 

%t>r-hmtSi&Mi&L (M7 (b) ) . 5«w± 

IC|5|i;<CVDffiKJ:fl > ^a)l^ng!#o , !,K'>!J = i' 40 
(a-S i) ItWa-Si 135r(«Lfc ((2 7 
(c) ) . .-SM3»-»*«V*KI>7-yi*Xi' 

5:l*t5 iit^ A*»f>44ffi4H« 3 Mill 

t (0 7 (d) ) . *«_tc, S i Na^ftSfeSftSI 
K&WLfc (0 8 (e) ) . *<75&, *W±ICj|jtI 

±.!C)«JgW¥a«2 3 b£x tV = - f- Lfc (BIS 

(f) ) . jg*g£LTii* + #y htt»a-ifi:4&B! 

■f (M0NARCH800, Sll6nra) £r 1 Lfci 50 
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SSCR-6101, CG-5101, CB-6101S- 

fflvfc. ^fy^-HaiML, 8 5Tct-7!J^- 

*Lfcfg, 8*. a««rfrl\ ftftl^OOTCT-aMh 
^-?L-C^ttro*7-7^;u-??rJfMLt 0 «WI 

SSMT-ti*-*^? yfafifoi 6 MfiMitSHr: 
L>b, *-**>7'7'7?ffiS^liii*:*l;«f)T*tL5 

atPSSSftSiroTii^N, *K, -{i Kft*jsi 0 
0%1?*>a*»sr«B»JKy^5 KT?*5AL-1 05 
1 (B^Jc^MtS) «#!Wig„t24 a fc*e>^ 
-hSICitJ^SLfc (0 8 (g) ) „ Ktmr.-.l. 

, i m mm • + 1 1 Kt# 
«tt»«Cffeay^n:*y^7'*miitr-8 : 2 -ess 

•frLfcfeoS'ffl^fcAS. ffittigatT-fcftliv^ 

5 KEl#l-T"bN->f-/U-2-fPll K^v'j'f- 

,vy,^r^7—YX-i>^\ ifc, **SWt-I4S« 

^*y-^gw»#swRi»jfe 
ett&ieori-cMu, 3 o^»«Ljg»i&(»±L 

fc. zroiitLTSt***!)'!'? KElSUg-CfcajKiJ 
V24b{-Sft (08 (h) ) , Scic, ;«iK7^ 
y^ftfflt, Kl6!ll!E«S5liaaSlSl«SrW4Lt (09 
(i) ) „ **S«s|-etiKAffi£tt#t-5#)!fc£LT. 

7 eyymzm u^k *ti%n-mx.i-mmm 
M$.-rz*mm<Di;itu>mmi. ate, ra»o 

|6l«|K.J£ffit, ^h-fixmiSS^EiSiftiiti-aSiB 
24di*7LSr«4t|S]S1tT, sK!)-rtr-^(b4;a^ 

Tfc (09 (j) ) „ r©-tyn^,ft»^6**^-effi 

AL. **1-«aitS»SS4»t.*a«ltffl2 8-CWll:L 
fc. -tro^, Z»J-fe/KcSgiiilte. <B*t£. '<-/?7-f 

[0049]ftlcr»J;5/i:7 , P-irx ««»S 

[0 0 5 0] ±TSffi±ro7 fy :/irrSii±gt>lciilJi|z 



fix: *'-?TOl«»£|Sli:«fc-*-ftS3r8 8g 

= *,,= =8 8° ) fcLfc. cftfbmSiRISlKttfitifc 

4.5 ?*><■), @#r*g*i4Antt0.0 7 2 (5 8 9 n 

m, 2o°o r-^s„ sfc^femMtaM-e^ts 

tttttfU 0" £3 ■mKtifcofcflt. -tflftffijfeU 3. 
6 X 1 0" Q • cm JtftTLt. **SS«tliX»S 
Efe Lfc M^ffl^t, * •¥ •> 7 d l±ERff¥«^ U v t"- x' 

£Lfc„ ioTAn • dliO. 28 1„m i 10 

t:'), S^IC1.2 «T-fcof-„ 2tt«fift« CB* 
SIttKG 1 2 2 0DU] r-^*;Ht«*. -jSTOfi* 

*,*„ =8 0° (fid*,, I *m 1=8° ) 

U ffcWr-E-ftliiK, BP*.** =-1 2" tUz. 1 
WCtO, Ii#ICfMH2ii.5mKV lt •HfoA>*b#*IC 
5 -tt 5 K 1. fc ^ ^Bfj j, 3 ASig* tft*{t & 1 5 »tt 
(04) Srfflfc. *£*SfflK-|i(gft£(V ro ) Tlfctt 20 

(i, ffits (v„) fEfltSfiS^isy-^D^n-^ 

ftSrSJSLfc. V,„ Ii6. 9V. V«l±9.1VT?fc 

[ 0 0 5 1 ] MM h 7 y ^**&t>'#«««««it«rH 
3|£*L, 03 (a) tt£gfiC«£ 

4*lM^JlfcIFJiB, ®3 (b). (c) liflmWBS; 

»i-„ nmhyysxj'mj- 1 4\mmmm iv-^t 
ffi) 4, (Kwyts) 3, *as:is et- 

t-tffi) 1 2, Xi.«7<fc7?Xyl):> 1 3.i>b»hS 

*am(6li*t«Sl2, &0=(l^-«(63ir 30 

aS4tftit«SlT-y- h«6SK2S:*tr*ai:LT 
)f5/SL-fco ®*€)£4|-J;JEffiEI (S3 (a) ) fcfcn 

t, 2*»ftangi roratsafssnrp-s. iiB*f 

St#lS) (-r<cto*.3fe««SIH) li2 0 7 „mT?fofc„ * 

is, «-§•*£, ftas(ss»si5 (*s«ifKWf(H3 40 

T-«*|Sj)(;igtffcW>) ££*>KU »»*laliBU 

t„ (gfi-e-wni o,mt-*?. nn*«i±« 
fcftt 1 ®*#fit-eaatMtfc553gesi. &o<±tii 

n<mm< UzZ kX-m%mrfiAlc£*)mt6*f1le. 

zom$inm<Dmtomx-t*»x. 

Hi ,im)tfc;fc„ ^ftK*?, fi2fi*CW4*ia 50 
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«y7-y?? M ?*l±*gl::fc5. 3 (c) 

ir*Sft.T^6 J; i ir. SlEfE«7j|Siff)^ig*1-57'7 

iH3HMi»Jf>y7^20,im, MPSS»ft#*|Sl 
<r>4;Sl 57«mt4>9. 44.0% 5««PW!|ib 

Mz. mmmts 2 o*rofHHMt 1 & o*m£m 

Sfc(rlD 3 20X 1 6 0fitLfc„ a»B^i>fcttf* 
T«Lfctt!£^L.fc. 

[0052] Sir. @Bt*ittoMiWt^o^-r«t 

w-ra. 1 2«£tf&tt*mf£3icii^ft*' 

ft«*Sffi»»i[e]i8 l 8*Jj;W£Sffl;ffiMtHl!ll 9 Sr 

zmmitz (hi 3) . (g^«(S3tiifif«4-*r+5« 

^Jf^EMnSft. ££ffiffii 2i;FiifeJE»)g*«(t#a 
«ia««;ioTPMll^n6„ fi-»««3^ib»ei-7 
Vi?**3rM 4*')*rl LLit ,',<. I,.!,-' - , , r 

nswroa^matsii. 



= 15. 1. V, =12.9, Vm=20.4. V„=4. 
39 

iSfilciiJRii^SffiAV^ W, 4V« (-). 
!S1CA>A>51IEV S , ffiaic**5aEv, t l±T««i 

[0 0 5 3] 



13 




[0 0 5 4] S14K*i-V„ , V„ I±«ve"ft9.16 
*>K 6. 8 5iK/K-t<£oft 0 *MCS)tl±, ErSl 
IgOffMT" d -t xfiUSrSff] 5 fc ftC+#<£ 16 

ottv^f**ictt^T##(;fi^fi«fc tt„ it(S 

K> -< y<nx ? fcfiiwaiiio t < 4 t*a»ofc. * 

It. «^ft*!fft<*ota*iLT, El6J«**5-tt# 
"tKftO. «^»JSj-ttfcSS*ofc„ «^tt<g4-»*lt 
T-SJSLttr/,, +»tHv^i'h7X Ht8 0#H 
bhfc„ it, «p H »»S^tf4£5J:5^**tfe>t- 

itt^^ssft aai±iot<«R£*i 

[0 0 5 5] (ISA 2 ) ^SJS^t liUJten 1 !J 
-f 5 KEl6lKS:SSCer«ao# J 7 5 KHTX — 6 7 0 

o (HStfasu) K**.t. umntnm^ ®m$. 

«T-#!)rs KSrSMiLfca. rmSffiS-i SdCiT: 
EA&s-wt,, «#ftu, i.o *T-fcot„ 
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i&atmi tmcx-bz. *-s*-Mti.xmMm 
Ltztz^. hiti ooi)q#(b 

ft. Eft®* Kl-tt^ !) '<-xf* (- H^-0»± 5 4 

seisin a. & B B»ffi*fe*i:# 5 **tf e. t -aa 
-f, «H4««v*s*aq#t>tit s it. 

fc-tflW** Lt«\ Sijro/^-vmS] 'J tt t z 7, 
«» (&#ttt> «fcli*ot<S§8;*;h,-r, «B#lcfr 

[0056] ctt«EWi i ] iie^s««ss*i>:ffl« h 

-/M7f?naiLt„ St, ffifiTOiLtliffi 
&*tl-C*J?.r«t/t(ttzlSl 0" 11 •cn*5fc»fcffll,> 
t. r^fj»^a#(-li5l*M2tlSli;j;il;Lt. 
[0 0 5 7] *<D*S*. mm&<D&<Ofifi*&Vt 

ttA52 5 : lStftTLt. it, SfcLfclWfcJBi' 

t«tan5«*tfC>te4Lt. 
w [0058] mmw3) zmmix *v-7<fr 

h y > *m±.comM 2 2 «*.bKet 
sn-o >5. s««n«a 5 0 „ m t -««>iws,i/<* 

5. it, *a«»*7-7^^ll > |±?»7< 
4-Af±$!W#->'S7^AFUTICHR0ME. PROVIA. I00DAY 
10 LIGHT, RDPII135 \Z-Mm]mMXW&nQ,n'<9 -V 

im&Lxm Lt„ 7 .< *a ii * e, a> 1; *> 2 

7-c«-ArolHlc«ft»fSfel**fU {-wtftflitifig* 
8Bt Lxmtt&f>'<9-'s\z>ft&Lfc7 * Y^T-t 

^**->*«e»iicj: ^nEU^^t^iaT-gf Lt 

«. HWi]t|sl^ff)ElSlM«7 , D-fe7.^-c-t;WkL 

t. 1»BS. SftJttBOtT-. 1 OmmH B «ai±^ffiT* 

0 mx-bz,. 

[0059] *v=L-MkLx®&mmuztzh, 
1-77. htti 0 o-iq#f>n, Eisiro^Bj 

mmhtitc, it. H£/-!#->t-«w**Lfc 
«. 9Jro^#-i'cav#Jtti-%««(ffi#f.tt)a 
a(±iot<sig^n-r, ws#iogruv<?->-i;fjjti 

Lt * 7-7 -f A-? <n&mi±#mz&*?frx; zii£% 
a v i t**fl«iSSS^iEBrofet#^ici-3t„ 



(9) 
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[0 0 6 0] tan. *.*mmx-\-i%.mmm'> < a-j* 

t#7XlMK>Jc*feSfcffMLT%1$t^.£V\, 

[0 0 6 1 ] Vm®4] «W1T-|4, Kodak ftK 
m^S^/l-AEKTACKROME DVNA 100&SH 'T^JEM 

fc, *7-7^*ro^->ro$lci£jti£<8;?., r 10 
*r ^tfrtfcl±Mg£^f£l,;M>or:„ 111 l 2li 

l 2 (a) HWIBrBSr, 01 2 (b) IEBA>ibRfc££ 

[0 0 6 2] *i^->WkLT#tt*3?ttLfc 

+»Kffi^^> f-ttg oiiqitn. asi 
ft, Mm^ttt^Stfibt-ffll^hf, *8- 

*tst>*ofc<s»sn-f\ swicauv** 

-^KBitHfrhofc. X»i|3ilalU<. rwiSfciK 

w ;u A«v(b^S LfeTJ 5 - 7 A fflgJSI±#* 

[0 0 6 3] EUJIJfcHiii'MfcJ:!!. MkYJVs 
i»*d C n»4sK J -7«rElSlffiir LTSUB 1 6 r i: K J: 
fc«»Mrfl«#ffi< Tai>?ElSl^Bt7|;ttt?8 30 

[0 0 64] 

[0 l ] *«fl<oiftj!S^i5Hi;:fclt$iffi&mi&ft£^ 
+H. 

[02] «##|ii]|;?ft5, #ffi±©^gWS2l*J*|6l 
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[@3i &mmmg,mmmmb 7 « 
ts, E«coDta^^i-ia„ [ (at eeh, <bj. 
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